Introduction
[2] Chlorofluorocarbons (CFCs) play a key role in the depletion of stratospheric ozone and have a strong global warming potential (GWP) [World Meteorological Organization (WMO), 1999; Montzka et al., 2003; Intergovernmental Panel on Climate Change, 2001] . The regulation of CFC emissions by the Montreal Protocol and its amendments has mitigated their environmental impact: tropospheric mixing ratios of CFC-11 (CCl 3 F) and CFC-113 (CCl 2 FCClF 2 ) have been decreasing since 1996, and the rate of increase for CFC-12 (CCl 2 F 2 ) mixing ratios has slowed significantly [Montzka et al., 2003] . Conversely, CFC substitutes, the hydrochlorofluorocarbons (HCFCs) and the hydrofluorocarbons (HFCs), are increasing rapidly [O'Doherty et al., 2004; Prinn et al., 2000; Montzka et al., 2003] and thus play an increasingly important role in climate change. Although their ozone depletion potential is very low [Montzka et al., 2003] , CFC substitutes can have a significant contribution to the atmospheric chlorine loading [Schauffler et al., 2003] and their global warming potential is high.
[3] The two most abundant CFCs (CFC-11 and CFC-12) and the most abundant HCFC (CHClF 2 , named HCFC-22) have been extensively studied since the mid 1980s. Groundbased [see, e.g., Zander et al., 1983; Sherlock et al., 1997] , airborne [e.g., Toon et al., 1999; Blake et al., 1996; Elkins et al., 1996] , balloon-borne [e.g., Sen et al., 1999; Engel et al., 1998 ], and space-borne [e.g., Khosrawi et al., 2004; Hoffman et al., 2004] measurements are regularly performed. The majority of information on the less abundant CFCs, HCFCs, and HFCs is provided by in situ and ground-based remote measurements through two global measurement networks -the ALE/GAGE/AGAGE network [Prinn et al., 2000] and the NOAA/CMDL network [Hall et al., 2002] , where the measurement techniques employed are gas chromatography-mass spectrometry (GC-MS) and gas chromatography with electron capture detection (GC-ECD). Gas chromatography measurements have also been reported from in situ sampling in the upper troposphere and lower stratosphere [e.g., Schauffler et al., 1993 Schauffler et al., , 2003 Toon et al., 1999] . CFC-113 has been measured from a balloon-borne Fourier transform spectrometer [Sen et al., 1999] , but no space-borne measurements have been reported.
[4] We report the first satellite-based measurements of CFC-113 and HCFC-142b (CH 3 CClF 2 ), the third and the second most abundant CFC and HCFC, respectively. The volume mixing ratio profiles are retrieved from solar occultation spectra recorded by the high resolution (0.02 cm À1 ) infrared Fourier transform spectrometer (ACE-FTS) on-board the ACE satellite, launched the 12 August 2003 and fully operational since January 2004 [Bernath et al., 2005] .
Results and Discussion
[5] The signal-to-noise ratio (SNR) of ACE-FTS spectra is higher than 300:1 over a large portion (1000 -3000 cm
À1
) of the spectral range covered (750 -4400 cm À1 ). The residual non-linearity in the transmission spectra is very low because of the use of photovoltaic HgCdTe and InSb detectors. This level of performance permits the retrieval of very weak absorbers. The presence of a CFC-113 absorption band in the ATMOS [Gunson et al., 1996] spectra between 810 and 830 cm À1 was previously noted by Coheur et al. [2003] . The residuals for an ACE-FTS measurement in this spectral region with and without the inclusion of CFC-113 are shown in Figure 1 . The calculated absorption of CFC-113 is added in the figure for comparison. Although very weak, there is a clear signature from the molecule in the spectrum. Coheur et al. [2003] have underlined that CFC-113 would be difficult to retrieve from ATMOS spectra due to the poor signal-to-noise ratio of ATMOS spectra in this region (around 5:1). ATMOS also used a photoconductive HgCdTe detector, which resulted in a large residual non-linearity (i.e., after correction) of several percent in the spectra. The higher quality of ACE-FTS spectra, even in this unfavorable region (SNR around 100:1), permits the retrieval of CFC-113.
[6] Several other absorption bands of CFC-113 are also visible in ACE-FTS spectra, around 900 cm Figure 2 shows the retrieval results for this molecule. The errors given for the mean profile correspond to statistical 1s-errors and are probably underestimated. For balloon-borne spectroscopic measurements of CFC-113, Sen et al. [1999] considered the errors to be at least 20% to account for the spectroscopic parameter accuracy, a source of uncertainty that has not been completely accounted for by our error bars (especially when they are smaller than 20%). Moreover, only 6 cross section measurements at different temperatures are available for each spectral region from the HITRAN database [Rothman et al., 2005] , so few that the interpolation of cross sections as a function of temperature could be compromised in accuracy. However, the individual profiles are consistent, and the scatter is relatively small. The CFC-113 mixing ratio values measured by the ACE-FTS are also compared in Figure 2 to in situ measurements, taken as the mean value of the monthly averages from January to March 2004 reported by the AGAGE station in Mace Head, Ireland (data available at http://cdiac.ornl.gov/ftp/ale_gage_Agage/ AGAGE/). The difference between the mean ACE-FTS and the AGAGE values is less than 5% on average for the midlatitude measurements in Figure 2 and less than 10% for the tropical measurements.
[ Figure 3 shows the HCFC-142b midlatitude retrieval results. As before, the errors correspond to 1s statistical fitting errors. For this molecule, only 3 cross section measurements at different temperatures are available in the HITRAN database, once again leading to questionable accuracy for interpolation to cover the relatively broad range of temperatures encountered in atmospheric remote sensing. The lack of cross sections is likely the main source of errors for the HCFC-142b retrieval. However, the consistency between individual measurements is reasonably good. Moreover, the mean profile at 53°N agrees well with the mean value from the AGAGE station in Mace Head, Ireland. The difference between the mean ACE-FTS and the AGAGE values is less Figure 1 . In the top panel, the residuals (observedcalculated) are plotted without including CFC-113 absorption. In the lower panel is the plot of the residuals when CFC-113 absorption is included. Both panels show the computed contribution of CFC-113 using the vmr retrieved for this spectrum. Head (53°N, 10°W) , Ireland. than 10% on average for these midlatitude measurements and less than 15% for tropical measurements.
[10] Because of their long lifetime and low reactivity in the atmosphere [Prinn et al., 2000] , CFC-113 and HCFC142b should be well-mixed and have similar concentrations at different locations within a hemisphere, although comparing measurements from the two hemispheres has shown significant differences [Fraser et al., 1996; O'Doherty et al., 2004] . For instance, O'Doherty et al. [2004] have reported a difference of around 2.5 ppt for HCFC-142b between the two hemispheres. The current accuracy of our measurements would not allow us to distinguish such a small difference, but perhaps further analysis of other occultations will give us the statistics to address this issue.
[11] For now, we test the consistency of results for two different geographical regions within a hemisphere (midlatitude and tropical) for both CFC-113 and HCFC-142b. The results are shown in Figure 4 . The profiles for the different geographical regions agree well, to the accuracy of our results (i.e., the 1s-error bars overlap, neglecting the highest altitude results for HCFC-142b). The January -March 2004 AGAGE value at 53°N is added for comparison. The CFC-113 tropical profile tends to be smaller than the AGAGE value and the midlatitude profile for all altitudes. Using occultations measured in the both hemispheres to calculate the mean tropical profile could contribute to this bias; however, another contribution could arise from the higher levels of water vapor in the tropics, which could disturb the retrieval process for a weak absorber like CFC-113. Concerning HCFC-142b, the retrieval is likely less accurate than for CFC-113 (because of a weaker contribution to the spectrum and fewer cross sections), so it is perhaps early to draw conclusions on systematic differences.
Conclusions
[12] For the first time, CFC-113 (CCl 2 FCClF 2 ) and HCFC-142b (CH 3 CClF 2 ) have been measured with a space-borne infrared spectrometer. We have demonstrated the capabilities of the ACE-FTS instrument for measuring their vertical profiles in the upper troposphere and lower stratosphere. The ACE-FTS profiles are consistent with the surface values of CFC-113 and HCFC-142b measured by AGAGE. A major limitation for our retrievals is the lack of cross section measurements. Further studies are needed to improve the quality and the accuracy of the profiles as well as to see if the ACE-FTS instrument can capture the geographical and temporal variations of CFC-113 and HCFC-142b. In any case, even if the accuracy is worse than in situ measurements, ACE measurements of CFC-113 and HCFC-142b (with further work) will provide complementary data to the ALE/GAGE/AGAGE and NOAA/ CMDL surface networks and airborne measurements: our vertical profiles in the free troposphere and in the lower stratosphere will provide extended spatial coverage and good temporal coverage to follow long-term trends. 
